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MB SLAC T o 


This thesis provides a brief history of utilities 
Semselvaevowmand a background on electricity metering 
in the Navy. A cost analysis 1s made of the savings 
Pie wow mecm required to justify installaticn of 
meters in the operational area of the Naval 
Posrataguavemsenoal, Monterey, Calixornia, using net 
present value techniques. Cost data from a metering 
BEeQvect at Pacific Missile Test Center, Pt. Mugu, 
Sey rOnnideuerentis a basis for this analysis. The 
analysis indicates that meters would be justified at 
the Senpeoemmec: an annual savings of electricity 
resulting from metering could be realized in the range 
Sameer iaeeeom 7.4m. The thesis concludes that similar 
analyses should be Gondvuezed at other Navy 
installations to determine the amount of electricity 


Savings that would be required to justify metering. 
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Peel bao UC TION 


Throughout the United States, consumers experienced 
modest increases in electricity costs from the early 1960's 
through the early 1970's. In fact, many large consumers, 
such as the Navy's shore installations, felt no real 
increase in electricity rates because utility companies 
historically used billing schedules which provided discounts 
fOr greater consumption. This tended to hold the average 
cost per unit of electricity nearly constant from year to 
year for those consumers who regularly increased their 
demand. Figures 1 and 2 depict total and unit cost data for 
the operational area of the Naval Postgraduate School for 
ee period of fiscal year 1965 through fiscal year 1976. 
Mies Neariy flat unit cost for constantly increasing demand 
morough 1973 illustrates Bic mrestlt Of. “Such a billing 


schedule. 


However, aS 1s readily seen in figure 1, a4 sharp 
departure from the trend has occurred starting in fiscal 
year 1974. This change was felt Navy-wide as can be seén in 
migure 3, This departure was due to several factors, 
macl2ding Sharp increases in inflation iust prior to and 
during fiscal year 1974 as well as the Organization of 


PeeLOLlsum EXDOrting Countries! embargo. 


While fiscal year 1974 created financial difficulties 
moeecneoss who pay electricity bills, the following years 
produced a new trend, as was shown in figure 2, which has 
caused utilities managers to become intensely interested in 
Peete ve yecontrollang anid consciously reducing consumption. 


Out of this intense interest was spdawned the Navy's 





utilities conservation program OE Wien wwe le curicity 


conservation 1S a Significant portion. 


In investigating the area of electricity conservation, 
this thesis traces the development of the Navy's present 
conservation program, followed by a discussion of some of 
the program's problems. A presentation of the metering 
concept and its ability to solve the program's problems is 
then made, and the cost of applying the metering concept is 


analyzed. 


In this analysis, the author is taking the approach of 
determining what percentage of the existing electricity 
consumption must be saved to justify metering. iS 
approach is used rather than trying to project the resulting 
dcllar savings to compare against the metering costs because 


only inadequate data on the possible savings is availatle. 


Finally, conclusions are made which provide guidelines 
Met, evVdlitiating the initial concept of metering at an 
activity and recommendations for sources of Savings 


information are given. 
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Mee ws LENG TGONSERVATION PROGRAM 


me ALStTORY 


Since itS inception, the Navy has been forced to 
practice conservation. That is, the Navy has been forced to 
avoid waste of utilities or any other resources because of 
Congressicnal scrutiny. ALSO, because utilities are 
rregquently considered an overhead item to the Navy's 
mission, managers have usually sought to reduce utility 
costs to free more of their limited funds for direct mission 


eicas. 


This situation served to invoke a waste avoidance 


attitude about utilities. However, because utility costs in 


(D 


general and electricity costs aT) particular wer 


fe? 


PeescOoricalily such small portions of the Navy's tota 
expenditures, only minimal attention was paid to them until 
1955. At that time tne Bureau of Yards and Docks (BUDOCKS) 
issued a formal utilities conservation program for the 
Navy{Ref. 1]. This proqran drew attention to utilities 
consumption by establishing a utilities cost analysis report 
and a utilities portion for the then existing management 
assistance team surveys. fee anretal “results of ‘this 
program were impressive with noteworthy savings created by 
resolving the most obvious consumption problems. However, 
as the preblems became less obvious and the paybacks became 
less dramatic, the program lost its appeal and the 
conservation interest it had initiated proved to ne 


momposary { Ret. 1}. 


qZ 





P=OnmmilIoo tomo y leno fnew developments occurred in the 
Htilities ccnservation progran. Tactemaens lo7l BUDOCKS § 
successor, the Naval Facilities Engineering Command (NAVFAC) 
revitalized the Navy's program through the issue of Naval 
Beem lities Engineering Command Instruction 11310.19A of 27 
matey 1971 fRet. 1}. In addition to refocusing attention on 
Mme program of 1955, this instruction required that a review 
of each activity be made during the management assistance 
M-ameviscits to determine if a local utilities conservation 
program was needed. [ff the local program was in order, the 
cognizant Engineering Field Division in cooperation with the 


activity was directed to develop such a plan. 


Both of these programs lacked effectiveness in 
conserving utilities bacause neither established objectives 
Mmeeen Lequired conservation. The 1955 program and the 1971 
MmedaeS drew attention to utilities conservation, first at 
the Navy-wide level and then at the base level but neither 
required that individual activities reduce their utilities 
consumption. However, in the evolution of Navy utilities 
conservation, th2 reports required by the BUDOCKS program 
@aoeene IOcat conservation plans required by the 1977 
instructicn form a data and administrative base on which the 


present program is built. 


B. PRESENT EROGRAM 


This lack of emphasis on actually reducing consumption 
waS Overcome in 1974 with the issue of Federal Management 
Sectila= 74-1 [ Ref. 2]. That document set as a goal a 15% 
reduction in utility consumption based on fiscal year 1973 
use levels. This directive was implemented for the Navy by 
SurerworeNaVal Operations Enstruction 4100.5 of 13 June 1974 
fxnet. 3). 


1s 





ii Miavm@a cs app EOdci In §ehe conservation program for 
ii cdcawlt les wads dq two pronged attack coordinated by 
NAVFAC. One of these approaches was a program to encourage 
the development and execution Oleic y~ CON serving 
maintenance, repair and construction DEO JeC eS: 
Justification for and appoval of these high cost investments 
was based on a payback of the intial cost through projected 
savings in utilities in future years. While justification 
of projects Ly payback had previously been acceptable, the 
present conservation progran allowed more favorable 
considerations for utility-saving projects than for other 
types of capital investment projects. This plan gave rise 
to many utility-saving projects such as the Boiler Plant 
@emtrols rehabilitation in fiscal year 1975 at Naval Air 
Piet ton, Patuxent River, Maryland and the metering project 
just completed at the Pacific Missile Test Center, Pt. Mugu, 


Semarornie. 


The sécond area of emphasis was a consumer consciousness 
campaign. Through a variety of medias the Navy encouraged 
eS peorle moO ndecelee  Utiliey conservation. Almost 
everyone who has been on a Navy base in the past few years 
has seen polgnant messages near light switches and 
thermostats concerning conservation. In the area Of 
consumer consciousness, the Navy has provided many specific 
guidelines regarding thermostat settings and use of utility 
meoutrol points. But, the real message has been that 
consumers of utilities, including electricity, on Navy bases 


must be willing to sacrifice and conserve. 


Ce. paomuenos OF TRE PRESENT PROGRAM 
While the present program made a Significant improvement in 


the Navy's conservation effort, it does have problems. [In 


the area of utiility-saving projects, the main difficulty has 
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been limited funds. In fact, the submission of these 
projects has been so popular that only those with the very 
fastest paybacks have had high enough priority to make the 
available funds cut-off. According to comments from the 
Energy Ccnservation Office of NAVFAC (Code 10225), that 
organization is presently approving and funding projects 
which have payback periods of five ysars or less. This is 
Mewes a Short period for amortizing a major investment like 
utility-systen Noda teat Ons One extensive BuebEdaanc 


pmeulaticn. 


While the problem of limited funds is somewhat difficult 
for the Navy's utility conservation managers to overcome, 
there are froblems in the area of consumer consciousness 
which they can address. A major one is the lack of 
verifiable feedback see. the responsible managers for 
MheGebicity CONMSUMing activities on an individual base. 
Except ina few instances, such as Public Works Center, San 
Perego, Caliitornia and Pacific Missil2 Test Center, Pt. Mugu, 
California, few electricity meters exist and they ate 
Situated to reveal the whole installation's consumpticn ofr 
that of several buildings or a large area within the base. 
As a result, the base utilities conservation manager has no 
ability to identify consumption in individual areas except 
through the use of engineering estimates. Regrettably, 
these estimates have been the subject of much distrust by 
responsible line managers. Therefore, without the ability 
to identify consumption within the linits of lower echelon 
Manager responsibility, an internal waster goes undetected 


because of another's conservation efforts. 


Another problem is that of staff impetus for the 
conservation program. At the individual base level, the 
program is usually handled within the Public Works 
Pepastmenze Which haS Civil Engineer Corps officers for its 


leadership. With their engineering background and staff 
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status Within the Navy-wide framework, these officers 
frequently have difficulty in motivating line officers and 
Managers with their estimates and advice. As a result, 
there is usually a lack of involvement and impetus for the 


conservation program by local operational managers. 


Finally, a problem exists with the iesaelo}ab Lan ye 7 £O 
determine the base's Scorer y adi stributLlon )"systen 
overhead. This again is due to the almost universal lack of 
meters for the end users on a base. There is virtually no 
way to accurately determine the amount of electricity used 
fame treet jlighting and other such common functions or to 
knew how much power is lost due to poor wiring connections 
and line resistance. Nhile this system overhead almost 
always exists, the lack of an ability to determine it means 


[remost certain lack of an effort to control ut. 


As has been indicated, two of the three prcblens 
concerning the consumer consciousness program have been 
directly related to the lack of extensive electricity 
metering. Therefore, in an attempt to address these 


problems, the following discussion of metering 1s presented. 





Witt wec eon No,e aA CONCEPT FOR CONSERVATION 


A. BACKGROUND 


There is growing sentiment that meters are necessary for 
M'ieernal Control of utilities within DoD. In May of 1977 it 
Was reported that the House of Representatives Suo-Committse 
on Military Installations and Facilities was prepared to 
Q@¥rect the military services to install neters on all family 
Peliei ng Units |[Rezt. 4]. Also, the Army Audit Agency, in a 
report cn the Army's Energy Conservation Progran, 
specifically identified consideration of meters as important 
[Ref. 5]. While both of these groups acknowledged that the 
conservation publicity campaign has been effective in 
reducing consumption, they both indicated a feeling that 


Further reductions would follow the metering. 


Pee BoCALETICN OF THE METERING ADDITION 


As an addition tc the present conservation campaign, 
electricity meters can be used to measure and identify 
consumption in a particular area. Generally, these meters 
would be installed throughout the shore facility t> measure 
the electricity used in areas which coincide with manager 
responsibility and authority. Once installed, data fron 
these meters will be operiodicaily collected and valid 


documentation of consumption by area will follow. 


|e 





acoso COtsUmpttoOn information is recorded, it can 
be employed in two ways. First, comparisons with similar 
previous and present information can be made and thus 
responsible area managers! performances can be evaluated. 
Second, the shore facility can establish a billing systen, 
much like ccmmercial ee a ay companies, and charge 
responsible managers for electricity consumed by their 
areas. In this case, Public Works Departments would have to 
alter their roles to that of billing agent and expert 
advisor rather than base-wide Se ievehe ol ventien PEGQCULCIs. 
Mereusiy, budgeting for utilities would shift fron Public 


Works to the managers who would have to pay the bill. 


In either case, the meters provide reliable feedback to 
the base managers. No longer can the electricity waster 
ride undetected on the efforts of the conserver. Also, 
assuming that a base-wide meter exists, system costs such as 
line loss, street lighting and other common electricity uses 
can be determined. With valid consumption data available 
and with that data determining the area manager's ratings, 
1t 1s believed that more goal congruence will exist between 
an operational manager's present objectives and electricity 
conservation. This goal congruences should provide 
self-induced motivation to conserve and should causes the 
Senuservation publicity campaign to originate with line 
Managers mae ver GuEnam Staff officers. Also, the area 
Manager's increased conservation emphasis shouid lead to a 
take over cf conservation monitoring and control by line 
Management. Therefore, the conservation program shculd gain 
more Support, especially at the lower organizational level 
and should, consequently, be even more successful than the 


present staff supported campaign. 
He 2S upon the basis of this goal congruence and the 


resulting increased conservation that the metering addition 


would be justified. However, because no data concerning 


18 





actual savings resulting from extensive metering exists, 


there is a lack of documented support or denial of these 


Moule ively teasonable projections. The Naval Facilitias 
Engineering Command does indicate that in a somewhat 
analagous Situation, the installation of individual 


apartment meters in a complex which theretofore had only a 
Single meter typically results in a 25% savings for the 
whole complex [Ref. 6]. 


All cf these advantages over the existing conservation 
program do have counterbalancing disadvantages which must be 
considered. Obviously, the COSt of purchasing and 


installing an extensive metering system 1S Significant. 


In fiscal year 1977, the Commanding Officer of the Naval 
Meaining Center, San Diego, California voiced doubts 
concerning the engineering estinates for that command's 
Peete EL City consumption. In response, the cognizant Public 
Works Center (PWC) suggested that metering might help by 
previding direct consumption measurement. PWC, San Diego, 
California estimated the cost of installing 22 electricity 
meters to monitor the Naval Training Center's consumption at 
meeuwce 51,000 per meter Ref. 7]. While it is admitted that 
this 1S an extreme example, an eStimate of "... several 
hundred dollars ... minimum for metering a typical Navy 
building," is suqgested [Ref. 7]. Because of the unusually 
meee CcOSt fOr this particular metering project, no action 


was taken beyond the estimating stags. 


More definite cost estimates can be Gleaned from data 
BenccrEning a recent project at the Pacific Missile Test 
Seieor, Pt. Mugu, Califotcnia. In a project very similar to 
the concert discussed in this section, that Navy shore 
meellity installed 1465 watt hour meters at a contract cost 
Of approximately $114,000. This quotation was obtained fron 


the Pacific Missile Test Canter Energy Conservation Officer 


Us, 





(Code 6200-3). However, additional charges of 6% OF 
contract cost for supervision, inspection and overhead from 
the contract administering command brought the total cost 
for the project to about $121,000 or $830 per meter. 


This project included the installation of meters on all 
distribution sub-stations and on almost every non-housing 
structure which has electricity service on the base. The 
purpose of these meters was two-fold. First, they were to 
put aside the doubts concerning engineering estimates and 
second, they were to encourage electricity conservation 
through feedback to responsible managers. The completion of 
the project in late 1976 satisfied the first purpose of 
obtaining direct electricity use measurement. However, 
because the management information system which relays the 
consumption data to the responsible managers is not yet 
mu Ly operational, conservation results have not yet 


occurred. 


While a meter ‘can ove purchased for about $70 to $400, 
the majority of the costs in both projects cited is due to 
the modifications required to the existing wiring to 
accommodate the meters as indicated by reference 7 and the 


Pacific Missile Test Center Energy Conservation Officer. 


PPOUGuwiiweehe intial COSt of installing the meters, the 
base must bear the administrative costs of using then. 
These include the cost of reading the meters, documentation 
and analysis of those readings, and maintenance of the 


meters and the management information system. 


Another gmportant difficulty with metering is the 
inability tc determine, from readings, the electricity 
consumed by each organizational entity when the metered area 
is Shared amcung multiple occupiers. Then responsibility 


must be determined by estimates and room for doubt 
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concerning conservation performance results. FOr this 
reason, the metering must be extensive enough, within a 
building if necessary, to identify consumption on an 
organizational level low enough to avoid significant 
combined responsibility by internal base and ccmmand 


managers. 


Hamalily, @ Significant problem area 7S that Or 
electricity distribution system overhead. Obviously, line 
loss, street lighting, and other costs of operating a 
Sees tr Lbution system must be considered. The question 
arises, how much system overhead will the metered managers 
consider reasonable? This is especiaily important if the 
area managers are paying for electricity directly at a rate 
Which would include system overhead costs as well as 
generation or purchase cost. This scrutiny of system 
Overhead may have the beneficial effect of insuring more 
favorable support by the line managers for Public Works 
projects and programs to improve and maintain the base's 


distribution system. 


TO provide the conservation program decision makers with 
a real world example, the following sections provide an 
eielysis of this metering plan as it applies to an existing 


Navy facility. 
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eee rear wen CF SNE TERENG TO THE NAVAL POSTGRADUATE 
SeuOOL, MONTEREY, CALIFORNIA 


Before discussing the details of the application of 
metering to the Naval Postgraduate Seno, a briet 
description of the installation 1s provided. The facility 
covers approximately 600 acres of land with a variety of 
structures. It is located on what was the grand Del Monte 
resort of the late 1800's and early 1900's. While some of 
the resort's buildings dating from before 1900 remain, 
others were completed as recently as 1975. ihe school 2s 
Seevided into five parcels of land; the main station, the La 
Mesa Village housing area, the beach area, the 
lab-recreation area and the annex. Each parcel has a 
separate internal electricity distribution system with at 
least one metered supply from Pacific Gas and Electric 
Company, a commercial utility. On these five parcels are 
§26 structures and improvements, including 372 heusing 
structures. Ree ea jOr ty © OL these S20 8StEUuct ures have 
electricity service. Pmecre Elicit ysp ss sused for lighting, 
cooling and various equipment power supply, while natural 


gas is the prime energy source for heating. 


The scope of this thesis is intended to cover only the 
mon-housing areaS since Congress is already prepared to 
direct the Military services to install meters in housing 
areas. iM wem seat ion., tb is £elt that a study of 
housing metering would be an exercise in hindsight cvrather 
than an example for decisions yet to be made. Therefore, 
the 372 housing structures were omitted from this study 


leaving 154 buildings ani improvements to be investigated. 


ce 





After study of property records [{Refs. 8 and 9] and 
interviews with Public Works Department personnel, it was 
M@rscovered that 73 of the 154 non-housing structures would 
require no meters. This was due to lack of present or 
planned electric service, planned demolition, or the current 
existence of meters (total of 20). However, because some of 
the 81 buildings and improvements which required meters were 
divided amcung several organizational units, it was 
estimated that 100 meters must be added to the school to 
apply metering ina fashion consistent with that described 
in the preceding section. With the existing 20 neters, this 
addition would DENG the wOcd. wnumber of internal 
electricity meters to 120 for the non-housing areas of the 
school. Appendix A indicates the proposed locations for the 


100 additional meters. 
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er ceo Or rmennvk hy sis OF THE METERING CONCEPT 


The follcwing analysis is an attempt to give decision 
makers a feel for the relative merits of metering. Because 
Memeapolicable data Concerning savings of electricity after 
extensive metering is available, the normal procedure of a 
cost/benefit analysis has been modified. In this thesis the 
lifetime costs of the metering concept have been estimated 
and converted to their net present value using the 
recemmended 10% discount rate [Ref. 10]. The details of the 
cost estimate are provided in Appendix B. Also, the cost of 
electricity kased on constant consumption using fiscal year 
1976 as a base-line is extended through the same periods as 
the proposed economic lifetimes of the metering project. 
The total estimated future cost is then converted to net 
present value by means similar to those used for the 
metering ccncept. This second net present value represents 
mmerecost in today's dollars of continuing to use electricity 
as it is presently used with only the benefits of the 
existing conservation progran. These net present value 
mmeyseS are detailed in Appendix cC. pinay, the net 
present value of the metering concept is computed as a 
percentage cf the net present value of the unaitered 
electricity consumption over similar future periods. The 
Boe ting Percentages indicate the average annual savings as 
a part of future electricity costs necessary to pay back the 


cost of the metering addition during the future period. 


Because of the effect of inflation in long payback 
Bemrod PLOjeets and because of its variability, diftering 
considerations for inflation have been made. In Case 1 (see 


mg. 5 mote Mmox we) ate rorent antlation rates have been 
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applied to the metering and the electricity costs for the 
first five years. An estimate of 15% for the annual 
inflation index for electricity costs over the next five 
years has been provided to the author {Ref. 11], while 
metering costs are expected to increase at an estimated 
Mimeatlon cate of 6.8%. Effects of inflation after the 
initial five year period have been considered identical on 


both the metering and the electricity costs in Case 1. 


In the final case analyzed, Case 2 (see Fig. 6 of 
Appendix C), it is assumed that inflation will affect both 
electricity and metering costs at the same rate for any 


future period so the effect of inflation is disregarded. 


Two time-spans have been investigated within each case. 
First, an economic life of five years is established, to 
match the existing maximum payback time for approved and 
funded energy conservation projects. Next, since the real 
economic life of electricity meters is estimated at 40 ysars 
or more {Ref. 12], an analysis using a 40 year project life 


memoanciuded in both Case 1 and Case 2. 


Maes Ttesilts of this thesis show that if differential 
inflation is applied as in Case 1, a savings of 5.2% over 
five years or 2.1% over 40 years must occur to pay back the 
additional costs if the Naval Postgraduate School installed 
meters +o improve its electricity conservation program. 
Similarly, the results of Case 2 indicate that the school 
must realize an average annual savings in future electricity 
Se=ts, Of 7.4% over five years or 3.6% over 40 years to 
recapture the cost eps the meters if inflaticn is 
disregarded. Obviously, if savings greater than these would 
result, metering costs could be recovered nore rapidly. 
Conversely, lower savings imply a loss on the investment for 


meters. 





The results discussed above would indicate that metering 
analysis for any particular activity would be appropriate if 


Savings in the range of 2.1% to 7.4% are estimated as 


feasible. 
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Vi. CONCLUSIONS 


In deliberating over the question of extensive metering, 
the cognizant local decision maker at any activity must 
consider which economic life Or payback period 1s 
appropriate. The 40 year period should be most applicable 
iemmere intial cost of a particular metering project is 
expected to fall within local approval authority limits. 
However, if the size of a base metering project forces 
referal to reviewing offices above the command, then the 
fastest payback possible is desirabla. In that case, the 
local managers should direct their thinking and analysis to 


the five year period. 


No matter which payback period seems reasonable, the 
conclusions of this thesis provide the pelow Ihsigsyeteval 


guidelines. 


A. If the local decision maker feels that an average 
ommual Savings or Slectricity costs of 5.2% to 7.4% over 
five years is feasible, then a metering project for that 
particular installation should be analyzed in a manner 
Similar to Appendix C and should be pursued if the 


analysis supports such action. 


Eweeeonould the local situation indicate the 40 year 
lifetime as reasonable, tnen the local decision maker 
should feel sure of an average annual savings of 2.1% to 
3.6% before spending time and money on a full analysis of 
PomomeeiGg tom that locality. However, the local decision 
maker 1s cautioned to consider very carefully the effects 
Smee tO Vea PEOvection. There 1S Significantiy more room 


for error, especially by compounding small differences 


Za) 





ketween the projected and actual situation than with a 


shorter time-span. 


Ge If the savings identified relative to the situations 
described above are not considered reasonable at a 
Meweeicular base, then no further consideration of 
extensive metering should be made for that locality until 


the expected savings rise to the appropriate level. 


De Should extensive metering be warranted, it is 
recommended that the manager performance review concept be 
employed with the introdution of the meters rather than 
the billing system. Because metering will bring such a 
Segnificant change to the base's electricity supply 
system, it is considered that simultaneous implementation 
Oeeee FEltiling plan would compound the problems that 
naturally come with change. If considered necessary, it 
is recommended that internal billing be incorporated at a 


later time. 


In order to lift some of the burden of guessing the 
future savings of metering from the local decision maker, 
eae £LOLLOw1lng Suggestions for obtaining information on that 


matter are submitted. 


A. A follow-on study can be performed by direct, limited 
Scope experimentation. The employment of a small number 
cr meters can be mad2 to measure portions of a base's 
consumption. Through an extended delay in announcing the 
installation of the meters, before and after data may be 
Becedined. This plan will require much time and careful 


design cf the experiment. 


B. Another more reliable source of savings information 
would be the investigation of the Pt. Mugu consumption 
trends after a history of data relative to the recently 


installed extensive metering is established. 
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C. The 25% savings resulting from metering an apartment 
complex as cited by NAVFAC and discussed in an earlier 
section of this thesis can be used as a rough guide. 
However, several differences between that situaticn and 
the metering of a Navy base under this study's assumptions 
Exel St. LOS ey the apartment Situation includes 
residential activities while the operational areas of a 
Navy installation are more similar to commercial or 
miagustclal Eunctions. Second, no indication of the time 
in history of metering the apartments is given. They nay 
have been installed long before our nation's current 
energy consciousness and conservation trends began. 
Third, it is presumed that with the new apartment meters, 
the tenants were required to pay electricity bills for the 
first time in that complex. With the manager review plan, 
Mem analagous Situation exists. Fourth, no indication as 
memene length of this 25% savings was made and there is no 
reason to believe that such a reduction would or would not 


Mast the full projected payback period. 


Finally, there are some intangible benefits of metering 


which the local decision maker may Want to consider. 


D 


A. The installation of electricity meters provides not 
only a means for positive management GOacrol OF 
Simecrricity wse but further sets the stage for such 
control in other utilities. [It establishes in the minds 
of the local consumers the idea of higher nanagenent 
Peeuciny Of thelr utility constimption. Metering and the 
Manager review process cyou let also familarize the 
responsible consumers with the kinds of tactics they must 


employ to respond to the review and to conserve utilities. 


B. With some modifications, 2lectricity meters can be used 
SemeeO nt —Sensors in a System which monitors and controls 


demand peaks. Since these demand peaks have a significant 


ae 





effect on future electricity rates, control of them is 


becoming increasingly desirable. 
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APPENDIX A 


Picotto menOecAleons FOR ADDITIONAL METERS 


The following table identifies the proposed locations of 
100 new electricity meters at the Naval Postgraduate School, 


momcerey, California. 


SORUCTURE STRUCTURE NAME OR MET eres 
NUMBER FUNC LEON 2OUS ED ADDED 
es, ONG DoD ih 
24 CPO Mess 1 
DZ NEP RE i: 
24 | Supply and Fire Station IL 
22 Child Care Center 1 
Z Storage 1 
64 Storage i 
74 Storage 1 
98 Fueling Stand 1 
29 Transmission Tower IL 
m2 instrument Stand il 
186 P. W. Maintenance Shop il 
188 Water Storage Tank ik 
189 Water Pump House 1 
ml Golf Course Clubhouse 2 


3) 


Slr UCTURE 
NUMBER 


192 
194 
m95 
197 
199 
200 
203 
205 
Pal 
213 
214 
7 is 
216 
Pal7 
Die 
219 
220 
221 
P22 
230 
Agi 
232 


Sy 


234 


See GOLruke NAME OR 
Mone fo HOUs ED 


Tractor Garage and Maintenance 
Chlerinator Building 
Doawete nut lading 
UvVesystems Building 
GeiemGourse Pro Shop 
Computer Center, FNWC 
Offices, FNWC | 
Barracks, WEQ 

EM Recreation Hall 
Cascade and Turbine Lab. 
Engine Maintenance Shop 
Compressor Lab. 
Vetenmgine Lab. 

Roecwen Motor Lab. 

Matzane Biology Lab. 
Gate, Sentry House 
Herrmann Hall 

Herrmann Hall, East Wing 
Herrmann Hall, West Wing 
Aeronautical Lab. 

Radar Tower 

Spanagel Hall 

Plecerical Engineering Lab., 
Bul baca Hall 


Halligan Hall 


a 


ME PERS 
ADDED 


lL 


I 





Sle UCciIuURE 
NUMBER 


Z35 


2310 


a 7 


240 


241 


242 


243 


244 


246 


247 


248 


249 


Ze) 0 


ZS J. 


Ze 2 


ZO 


Z| 


253 


ED? 


260 


ZO 7 


eo. 


292 


2216 


Siew GlURE NAME OR 
DUNC IT TON HOUSED 


Rooe Hal i 

CenepalbeHeating Plant 

King Hall 

PEBee tric switchgear Building 
sewage Pump Station 

Auxilary Sewage Pump Station 
Piece ronic Equipment Building 
Swimming Pool Pump House 
DeubWe Handball Court 

pomeer EM building 

Mitpmwer stack Buildineg 

Jet Test Building 

Swimming Pool 

Swimming Pool 

Double Tennis Court 

Svimmae Pool Pilter Building 
Condensate Pump House 

Fire House 

barracks, EM 

Subsistence Building 

Water Storage Tank 

Water Pump Station 

Toilet 

Steward's Quarters 


Mobile Antenna 


a3 


METERS 
ADDED 
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SrRUCTURE STRUCTURE NAME OR METERS 


NUMBER FUNCTION HOUSED ADDED 
Zs} Antenna Field 1 
Be / Fuel Storage Tanks 4 
329 Sewage Pumping Station i 
35 0 Ingersoll Hall iE 
5) 56 incite rator I 
338 BeOstes ee ump 1 
a, abies ry a 
340 Golf Course Storage Building iL 
343 Water Storage Tank iE 
345 Booster Pump 1 
412 CMosed Gircuit TV Building i 
DOG ivcenim Mechanical Engineering Lab. i 
514 Interim Ocean Sciences Lab. i 
D8 leanstormer Building a 

Total Meters to be Added 100 
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he Eee wep LX 75 


Sloetoeteens FOR METERING CONCEPT 


The following discussion describes the assumptions and 
methods applied in the development of a lifetime cost 
meamace £0% the metering concept as it applies to the Naval 
Postgraduate School. First, a generalized description of 
costs is made and then the sources of the numbers and an 
explanation cf the computations is provided for each line of 


the summary shown in Figure 4. 


The costs have been broken into two categories. The 
first is the cne-~time or investment costs of the concept. 
The second category includes all those costs which aré due 
to the existence of the meters and which will occur annually 


as long as the meters are used. 


The most Significant cost is the investment required for 
purchasing PMiGmenseatliing the electricity meters. io 
estimating this cost an average of $830 per meter installed 
1s used. That amount was derived by finding the average 
Peet) pert meter in the Pacific Missle Test Center, Pt. Mugu 
project for extensive metering. There are several reasons 
meeeaccepting that figure. Pacey whi ttc, ialivles Ml Mutelme)afaens 
provided a Similar number and density of meters on that 
iiemallation aS is proposed by this analysis. Second, woth 
bases have similar distribution svstem voltages. Third, che 
Bests ALS CULrresent Since the project was completed in late 
ovo. Pourth, the Pt. Mugu average is in line with 


estimates provided by Public Works Center, San Disdo, 
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mali rOrniawmenert. 7] and with quotations cited by Pacific Gas 
moe electric Company Ref. 11). Eee emer. | Mugu 
installation is relatively close to the Naval Postgraduate 
School and therefore the differences in cost due to 


geographical characteristics are minimized. 


The only cther one-time cost is that estimated for the 
design and implementation of a management information system 
(MIS) software package. It is assumed that this system will 
be computer based and will be the main tool for translating 
meter readings into meaningful manager review information. 
The estimate is based on an intervisw with the Director of 
the W. R. Church Computer Center (Naval Postgraduate School 
Code 01441). He indicates that six man-months for a GS-9 
programmer for this type program is sufficient. The progran 
as conceived and estimated, accepts the meter readings and 
performs arithmetic manipulations and trend analyses on 
them. This estimate was confirmed by Public Works Center, 
San Diego, California Utilities Division Office (Code 680) 


Which works with a similar systen. 


The recurring annual costs are almost exclusively labor 
costs and all are based on current 1977 rates which coincide 


With year one of the analyses in Appendix C. 


An obvious recurring cost is that of reading the meters. 
Since the school now has 20 meters and reads them nonthly, 
the authcr interviewed the supervisor of the meter readers 
for an estimate. His estimate was that a meter reader could 
read 60 meters on the base in an eight hour day. That 
estimate includes physically reading the meters vlus 
BoGMatting the data for keypunch translation. Sinc#2 this 
thesis proposes a total of 120 meters for the school, an 
Seeort Of 16 Man-houwrs per month will tbe required for 
reading the meters. Futher investigation within the base's 


Public Works Department revealed that the present pay rate 


58: 





moc tne Meter ceaders is $9.18 per hour which includes 
fringe benefits {Ref. 13]. Materials for meter reading were 


considered negligible. 


The estimate for keypunching these readings for antry 
into the MIS was provided during the interview with the 
/memeertOr Of the computer center. His quotation of one hour 
per month for the 120 data points with a rate of $3.75 per 
hour was deemed adequate, while annual materials cost for 


keypunching was estimated at $50. 


Diem Gitceeor Of the computer facility further indicated 
that while in a Navy situation, the computer run costs would 
not usually be charged against the conservation program, an 
estimate cf $50 per month would cover such a cost if the MIS 
were run 1n a commercial facility. This amount was included 


in the annual operating costs used in this analysis. 


While the manager review plan, as described in the body 
of the thesis, will probably be managed by military 
personnel, an attempt was made to eStimat5 385 30st of their 
efforts. It was assumed that a monthly review of the MIS 
Beant—out would be performed by the school's Energy 
Memsertvation Officer. It 1S estimated that that officer 
would spend one hour per month in review and analysis and in 
Writing a summary report for the base-wide SUPEL1LOL, 
Peesumably at the executive officer level within the school. 
It is further estimated that the executive officer, at the 
Bae OL Captain, would spend approximately three hours per 
quarter reviewing and analyzing the reports and slyel 
conducting the manager review. The hourly composite rate 
mo@ ad Lieutenant (junior grade) (Energy Conservation 
Mmeelcerjys 15 $8.07 while for a Captain it is $17.39 [Ref. 
14). 


The last cost it2am, maintenance of the MIS, is estimated 
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at a lump sum of $1,000 or almost one man-month per year for 
ae GS-9 programmer. This item is for adjustments to the 
software for user compatability and for updates in output 
reguirements as indicated by the school's computer center 


meee ctOr. 


There are some items of very small or intangible cost 
which were considered but were not included in the estimate. 
One such item is the cost of maintaining and repairing the 
electricity meters. In an effort to obtain data on this iten 
the author eemeacwcdmeacrme Vocal electricity supplisr. 
Pacific Gas and Electric Company indicated that. their cost 
in this area was so insignificant that they had no systen 
Memmerracking Or controlling it [Ref. 11}. Wee ade ibace 
company went on to say that with a secured area like the 
base, the relative cost of meter maintenance should be even 
less than those which they experience (Ref. 11]. This was 
felt because the supplier's prevailing reason for repairing 
the meters has been vandalisn. Therefore, the maintenance 
and repair cost for the meters is not included in the 


estimate. 


Another item of cost considered was the amcunt of 
electricity consumed by the meters but not registered on 
them. Since that is estimated at two watthours pér month 
per meter (Ref. 11], the total amount consumed would be less 
Seem 250) Watthours per month for all 120 meters. In view of 
eecoste Of $0.0271 per Kilowatthour (1,000 watthours) and a 
meee bili of $356,964 for fiscal year 1976 in the 
operational area of the school (Fig. 1 and 2),this l1téem was 


conSidered to bre insignificant. 
mena eive the Gost Of distributing the MIS reports and 


manager review memos is considered to be intangible since it 


is assumed that the base guard rail will fill the function. 
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moeONE—-TIME COSTS 


installation of Meters $83,000 
$830/meter x 100 meters 


Design and Implementation of Management Sos) OG, 
Information System 
$1,250/man-month x 6 man-months 


Total one-time costs 90,500 


me. RECURRING ANNUAL COSTS 


Meter Reading Sila? Oz 
$9.18/man-hour x 16 man-hours/month x 
12 months/year 


Key Punching 595 
Seo, tan=nour «x | man—-hour/month x 
12 months/year + $50 materials 


Mis) Computer Run $600 
S50/run x 1 run/month x 12 months/year 


Manager Review Plan 5306 
Soe7/Man—-nour x L man-hour/month x 
12 months/year + $17.39/man-hour x 
3 man-hours/quarter x 4 quarters/year 


Madmbenance of MIS S000 
of,000 lump sum 
Eesdlimnececirrine annual costs Sesser On 
Rounded to See fee: 
Figure 4“4—- SUMMARY OF METERING ESTIMATE 
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Ree aN ee 


PoepoonNe VALUE ANALYSES OF COSTS 


Through the net present value technique, the costs of 
the metering concept and those of the Naval Postgraduate 


School's electricity ceonsumption are analyzed. 


ime Case t, aS shown in Figure 5, the effect of 
Meererential inflation rates for the project and electricity 
costs is considered. However, because of the uncertainty of 
the inflation index estimates beyond five years into the 
future, Case 1 only applies the differing rates for the 
meer i Ve years Of the analysis. Those rates are stated 
and explained in the below discussion of assumptions and 


Gaveulations. 


Within Case 1, two time-spans are. investigated because 
Oe their relative ipOmtancemein the focal activity 
Situation. First, a five year life is studied because that 
is the existing maximum payback period of the conservation 
projects which are presently being funded. Second, bé¢cause 
Sstimates indicate that electricity meters will last at 
least 40 years, that time-span is used for a second project 


fa tectime. 


In Case 2 as shown in Figure 6, it is assumed that 
MeeneatiOn Will affect all the costs in the analysis in the 
Same proportion and inflation is therefore ignored. Ligh 
case forms a pase-line for considering metering when the 


Meeateieetl titles conservation decision maker either doubts 
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the validity of the indices used in Case 1 cr believes that 
the inflation rates applicable to his or her activity differ 


from those in Case 1. 


As in Case 1, Case 2 includes analyses of the five year 


and 40 year project lifetimes for similar reasons. 


In both cases, the costs of metering are based on 
Appendix B while the basic electricity costs are found in 
Figure 1. These basic costs are adjusted by the applicable 
inflation factors in Case 1 before the net present value 


analysis Légins. 


In both cases, the net present value of; the metering 
project's lifetime cost is determined by applying the 
meeonmendsd discount factor for each part of the lifetime. 
These discount factors are based on a 10% discount rate for 
public investments as suggested in Reference 10. The net 
present value of the unaltered electricity consumption for 
the school, based on the 1976 volume and extended over 
Similar time-spans as the project lifetimes, is datermined 
semalarly. Then the net present value of the project cost 
1s divided by the net present value of the electricity costs 
for similar periods in both cases. This establishes the 
proportion of the electricity costs which must be saved on 


an average annual basis to pay back the metering costs. 


The follcwing assumptions and explanations are presented 


Semnecerning the computations shown in Figures 5 and 6. 


1. Project year zero of all the analyses is fiscal 1976 
due ele Piemmlack  §@F ~audated data on the schocl's 
mee cuErc!ty CONSUMDtION for later periods. Aliso, this is 
the time-frame of the Pt. Mugu project which forms the 


EaSsis for a Significant part of the year zero costs. 


2. Because an annual inflation rate of 15% for electricity 
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costs for the school for the next five years is estimated 
{Ref. 12], that percentage is applied to the approrfriate 


cost items in Case 1. 


eaeeatl anugal  intlation rate of 6.8% is applied to the 
metering concept costs in Case 1. That rate was estimated 
by a series of manipulations of data concerning inflation 
miateceS £Or Such costs. Since only the recurring costs 
merit the application of inflation rates and since they 
are almost entirely labor costs, the following method for 
obtaining the 6.8% rate was used. First, the labor 
efforts were divided into two broad categories, skilled 
maintenance for the neter readers and professional, 
administrative and technical support for all others. 
Second, Since no data by inflation indices could be 
Hocated for skilled maintenance labor for years 1975 and 
1976, a five year average annual rate was established 
Memog 1974 and prior data [Ref. 15}. That average was 
found to be 6.84%. titnde ed eees nhar average for the 
professional category was established at 6.76% with the 
eae, OL pertinent data starting with 1976 and moving back 
through 1972 [Ref. 16}. A weighted average of these two 
indices was then established by the following computation: 
Mere 17 O2)+ 1351) ] x 6.84% + f1351/(1762 + 1351)] «x 
bem7oe = 6./8%, rounded to 6.8%. The 1762 is the annual 
cost of meter reading and the 1351 1s the sum of the 
keypunching labor cost, the manager review plan costs and 
the MIS maintenance costs [Fig. 4]. No five year stream 


of inflation indices for computer run time was found. 


Meeinaividual discount factors for years zero through five 


are taken from table E-16 of Reference 17. 


Beeeime combined discount factor for years one through five 
is taken from that same table and is simply the sum of the 


individual factors for those years. 


Sept ae cembined discount factor for years six through 
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forty is ccmputed using the same table and as follows: the 
combined discount factor for years one through forty minus 


the combined discount factor for years one through five. 


feet ne Costs Showh for years six through forty is a 


Pemsteant annual Cost, not the total for those 35 years. 


8. Net present value is computed by multiplying the 
projected cost occurring annually in each period times the 


Seeresponding discount factor. 
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PROJECT NPV bee URE CG hy METERING 
YEAR FACTOR COS! NPV Goro E NPV 
0 1.0000 N/A N/A 905500 90,500 
ik O09 71 4105394 373 3089 Bowl Oo 3) he Tl 
2 O82 o4 ali a3 3907022 OG Ce 
3 Oy > 135 i a ae) 407,674 aye 00 6 res ik 
4 Or oo50 oh ety SL ayy 426,299 fe) So Emel a0 
5 0.6209 ILI feel 445,670 nT) ONS: 370/45 
6-40 SB) eee, (ie Ole 2 OG 07 2 4,905 Zo 37 
Total NPV Years 0-5 220472 044 106i 667 
Total NPV Years 0-40 645407 916 Iyer rele lye \ee: 
bave Year Payback Percentage 
ietmat NPY Metering Years 0-5 
ioral NPV Electricity Years 0-5 = 5.2% 
Horty Year Payback Percentage 
Total NPV Metering Years 0-40 
fiomateNPVY Ebheectricity Years 0-40 = 2.12 


Figure 5 - CASE 1: NET PRESENT VALUE ANALYSIS OF 


ELECTRICITY AND METERING COSTS WITH INFLATION Veg) Dai ay8, 
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PROJECT NPV Je MIG IES 1G Nig 


YEAR FACTOR COST 
0 1.0000 N/A 
k= 5 3.9771 356,864 
6-40 5.9880 356,864 


Mota’ NPV Years O0=5 


Metal NPV Years 0-40 


NPV 


N/A 
1,419,248 


2,136,902 


ieee | Seas 


oyeo 15:0 


[eememear Payback Percentage 


Motal NPV Metering Years OQ-5 
Total NPV Electricity Years 0-5 = 


Homey tear Payback Percentage 


Total NPV Metering Years 0-40 
otal NPY Electricity Years 0-40 = 


Figure Cpe RSE 2? 


meetin teGirTY AND METERING COSTS WITH 


METERING 
COST NPY: 


90,500 90,500 
SO oo 


cea! (ETERS eB 


HOD ,493 


28,068 


2 


NGteeeeoaNa VALUE ANALYSIS OF 
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